Background: With the advent of many new advanced techniques, sequences of a number of proteins have been made available. But the relative paucity of the experimentally determined three-dimensional structures of these proteins has paved way for the development of computational structure prediction methods. Protein secondary structure prediction is an essential step in modeling the tertiary structure. Among the various secondary structure prediction methods available, three different methods with unique working principles, namely, GOR, HNN, and SOPMA were evaluated for their efficiency to predict secondary structures. Methods: A set of 90 different proteins with known secondary structures from three major classes namely, mainly alpha, mainly beta, and mainly alpha beta was used as reference. Secondary structure data of these proteins obtained through experimental methods were compared with that of predictions made by GOR, HNN, and SOPMA respectively by employing various statistical analyses, namely paired sample test, correlation coefficient, standard deviation, standard error mean and scatter plots. Results: The secondary structure prediction tools namely, GOR and HNN were found to predict helical structures more accurately than the sheets. SOPMA was observed to predict sheets more accurately than helices. Conclusion: Based on the observed results, it could be concluded that there is no single tool that consistently predicts all the secondary structures accurately. It could also be anticipated that a combined use of these secondary prediction tools could further enhance the efficacy of in silico protein secondary structure prediction methods. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
IntroductIon
Of all the molecules found in living organisms, proteins are the most important as they are the biological workhorses that carry out vital functions in every cell. With the advent of various sequencing techniques, amino acid sequences for a number of proteins have been determined. However, three-dimensional structural information obtained through X-ray crystallography, nuclear magnetic resonance, and other experimental methods are available only for around 10% of these protein sequences. Hence, computational prediction of protein structures has become important with the rapid growth of database of protein sequences. Such an attempt for the use of computational methods for protein structure prediction based on only primary structure information started over 40 years ago. [1] [2] [3] The prediction of protein secondary structure is an important step in modeling the tertiary structure of a protein which indeed is essential for the functional annotation of the protein. Ever since the start of usage of computational methods for protein structure prediction, various secondary structure prediction tools have been developed and made available online. [1, 4] Most of these secondary structure prediction algorithms are based on machine learning techniques. [5] [6] [7] After 1990, to improve the accuracy of secondary structure prediction, evolutionary information found in multiple sequence alignments was incorporated. [8] Improvements in protein secondary structure prediction were also made by incorporating various strategies in training the model. [9] [10] Although various methods with different working principles are available, their accuracy in predicting the structure is not clearly known. The present study involves the evaluation of the accuracy of three of the most widely used tools, GOR, [11] HNN, [12] and Self-Optimized
Prediction Method with Alignment (SOPMA) [13] in predicting the secondary structure of ninety proteins for which experimentally determined primary and secondary structural information are available. Since each of these tools work on different principle -GOR (combination of information theory, Bayesian statistics, and evolutionary information), HNN (based on trained hierarchical neural networks), and (Self-Optimized Prediction Method with Alignment, taking into account information from an alignment of sequences belonging to the same family), the existence of parallelism among each of these tools in predicting the secondary structures was checked.
metHods
To test the accuracy of GOR, [11] HNN, [12] and SOPMA [13] predictive methods, ninety proteins of known secondary structure were used. For the analysis, thirty proteins from each major classes, mainly alpha, mainly beta, and mainly alpha-beta [ Tables 1-3 ] were taken. The secondary structure data of these proteins obtained through experimental methods were acquired from Protein Data Bank (www. rcsb.org).
Protein sequences of all the three classes were analyzed by the methods of GOR, [11] HNN, [12] and SOPMA. [13] Percentage of residues being alpha helix and beta sheet for each protein was calculated from the result [ Tables 1-3 
results and dIscussIon
Secondary structures of each of the three classes of protein predicted by the secondary structure prediction tools, GOR, [11] HNN, [12] and SOPMA, [13] and the experimentally derived data were compared with each other, respectively. Correlation in the prediction of either alpha helix or beta sheet by paired sample t-test was found be 0.21%, which indicates that the predicted secondary structure of all the three classes of protein, taken for test, by prediction method and the experimental results are likely to be independent. Correlation coefficient calculated for all classes of protein by GOR, [11] HNN, [12] and SOPMA [13] [ Table 4 ] indicates lack of correspondence with the experimental data. Predictions made by all the three methods are poor in mainly alpha class of protein, where as considerable prediction is observed in mainly beta and mainly alpha-beta classes of protein. However, none of the method shows greater than 0.5% correlation. Though SOPMA [13] shows 0.513% correlation in predicting alpha helices of mainly alpha beta class of protein, it showed a huge deviation in predicting alpha helices and beta sheets for the other classes of protein. Five hundred and thirteen percent correlation in predicting alpha helix of mainly alpha-beta class of protein, it diverged a huge in predicting beta sheet and both alpha helix and beta sheet of rest of the classes of protein. Further evidence illustrating the inefficient prediction by three methods can be seen from the significance values [ Table 5 ].
Moreover, a lack of correlation was observed between experimental and predicted values for helices and sheets for all the three classes [ Figures 1-3] . If the correlation between the experimental data and predicted data are exact the points would fall along the line of fit. Figures 1-3 , clearly shows a deprived correlation between the experimental data and prediction method for all the classes of proteins.
conclusIon
Summing up, these tests imply that the methods of GOR, [11] HNN, [12] and SOPMA [13] do not possess higher degree of accuracy in their predictions incessantly. However, of the analyzed ninty proteins, secondary structures of three proteins were predicted accurately by GOR, [11] HNN, [12] and SOPMA [13] (CALBINDIN D9K, 1BOC; ENDOGLUCANASE Z, 1AIW; and TRIOSE PHOSPHATE ISOMERASE CHAIN A, 8TIM, respectively). These accurate predictions corroborate that these methods are efficient. Since accuracy is not observed consistently in all the analyzed proteins, it can be proposed that the further improvement in these methods or a combination of these methods may improve the prediction efficiency on an average. Proteins are also characterized based on their interpretable features and physicochemical properties with the employment of statistical techniques. [14] It has also been anticipated that the combination of protein secondary structure prediction methods with additional protein structure features has found to provide more accurate results. [15] However, GOR [11] and HNN [12] are predicting helices accurately compared to the sheets, whereas SOPMA [13] predicts sheets accurately. This implies that one can easily identify regions that are more likely to be predicted accurately than others. Therefore, it could be concluded that synchronized employment of secondary structure prediction methods could enhance the accuracy of insilico analysis. As a future perspective, augmentations could be brought about in the protein secondary structure prediction methods to further enhance the prediction accuracy.
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